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Small'  and,  large-plaque  variants  of  a  Florida  strain  (Fe  3-7c)  of  Venezuelan 
equine  encephalomyelitis  virus  were  studied  in  vivo  and  in  vitro.  The  small-plaque 
variant  was  less-virulent  in  mice,  hamsters,  and  guinea  pigs  than  the  large-plaque 
variant.  The  variants  could  be  distinguished  by  calcium  phosphate  chromatography. 

The  implications  of  plaque  variants  within  a  mixed  virus  population  tire  discussed. 


Venezuelan  equine  encephalomyelitis  (VEE) 
virus  crTdclfifc  to  t  ffe ' U ruled ' SMeSWax ' li r st'  iso¬ 
lated  by  Chamberlain  et  al.  in  1963  (4)  front 
Culex  mosquitoes  collected  in  the  Florida  Ever¬ 
glades.  The  prototype  strain,  Re  3-7c,  has  been 
placed  in  antigenic  subgroup  II  on  the  basis  of 
kinetic  hemagglutination  inhibition  serology  (21). 
This  virus  has  been  suggested  as  tt  candidate  for 
development  of  a  live  vaccine  (10)  as  it  is  con¬ 
sidered  to  be  avirulent  for  horses  and  appears  to 
confer  protection  equivalent  to  that  elicited  by 
the  TC-83  strain  of  VEE  (I).  We  have  detected 
two  distinct  plaque  types  in  the -Fe  3-7c  virus 
population  propagated  in  duck  embryo  cells 
(DEC).  This  report  deals  with  studies  conducted 
with  inrgc‘plaquc  (LI*)  and  small-plaque  (SI*) 
variants  derived  from  the  parent  Fe  3-7c  virus 
(!»V), 

MATERIALS  AND  METHODS 

Virus  strain.  The  seed  stock  of  Florida  virus  <Fe 
3-7cj  was  kindly  provided  by  R.  Shoix:  of  the  Yale 
Arbovirus  Research  Unit,  Yale  University,  New 
Haven,  Conn.  This  virus  strain,  which  contained 
mixed  plaque-types,  was  tt  I  O’,  suckling  mouse  brain 
preparation  which  had  been  passed-  live  times  in 
suckling  mice  via  the, intracerebral  tic)  route. 

Virus  assay.  I’laque  assays  were  performed  essen¬ 
tially  as  described  by  Dulbecco  and  Vogt  (6>,  Serial 
10-fold  dilutions  of  virus  were  prepared  in  phosphate- 
biilFered  saline  containing  1.0'V  normal  rabbit  Serum, 
(icnicillin  <  100  units -  ml),  and  streptomycin  (50  jjg-mb 
ti*l)$).  Virus  ihocula  were  added  to  monolayers  of 
duck  (DEO  or  chicken  embryo  cells  (CEO  in  lltisks 
and  allowed  to  adsorb  for  1  hr  at  37  C.  The  cells 
were  overlaid  with  medium  199  containing  Lurie 
balanced  salt  solution.  3.0' ,  calf  serum.  i;()(,  lonagar, 
peiucilim  1 100  units  mb,  and  stnjpulptyem  <50*ig<  mb. 
Alter  incubation  at  37  C  for  48  hr  the  cells  were  over¬ 


laid  with  -2.0  ini  of.  neutral  red  (0.1  nig,  ml)  in'llanks 
balfuiiedsiiUsoluliontoracilitate.reaiiihgbf  plaques. 
Virus  tilers  arc  expressed  as  plaque-forming  units 
U*FU)  per  ml.  In  vivo  titrations  were  perfotmed  by 
inoculating  suckling,  mice  ic  with  0.03  ml  of  a  vir* « 
dilution;  Mice  were  observed  daily  for  todays  for  signs 
of  illness  or  death.  The  median  lethal  dose  was  calcu¬ 
lated  by  the  method  of  Reed  and  Mucnch  (14). 

Plaque  selection.  Cell  cultures  with  agar  overlay 
were  prepared  as  described  above.  After  -48  hr,  dis¬ 
tinct  plaque  ty  pcs  were  aspirated  with  a  curved  Pasteur 
pipette.  The  cells  within  the  plaque  and  the  agar 
immediately  above  the  plaque  were  dispersed  in  1.0 
m|  of  PI5S.  Five  plaques  were  selectedat  each  cloning 
step,  and  each  plaque  was-iitrated  separately  for  the 
presence  of  LP  or  SI*  variants.  The  final  pools  of  SI* 
and  LP  variants  were  prepared  from  the  third  consecu¬ 
tive  subclone  of  the  approptiute  variant. 

Animals,  Golden  Sy  rian  hamsters  (85  to  95  g)  wore 
obtained  from  die  Lakeview  Hamster  Colony,  Nevv- 
lield,  N.J.  Hartley  strain  guinea  pigs  (2,‘iO  to  300  g) 
were  obtained  from  the  West  Jersey  biological 
Supply  Farms,  Weuonah,  N.J.  Swiss  albino  mice 
(CD-I -strain)  were  obtained  from  the  Charles  River 
I) reeding  Labs.,  Wilmington,  Mass.  Animals  were 
inoculated  intrnperitoiieally  <ip)  or  subcutaneously 
tse). 

Chromatographic  technique.  The  brushite  form  of 
calcium  phosphate  (CaHPOf2HjO)  yvas  prepared 
from  0.5  xt  CaCIi  and  0.5  .wNa-HI’Oi  as  described  by 
Durness  (3).  The  gel  was  stored  at  4C  in  0.005  si 
phosphide  buffet,  pH  7;4,  until  used.  Columns  were 
prepared  by  pourilig  75  ml  of  the  slurry  into  a  2.0 
by  50.0  chi  glass  column.  After  a  15-min  settling 
period  the  gel  was  washed  with  0.005  M  phosphate 
buffer  until  the  surface  position  was  constant  iron 
finely  25-ml  packed  volumei.  The  column  was  checked 
for  channeling  or  skewing  with  a  band  of  bromocresol 
purple,  mid  the  amount  of  eluate  collected  before  the 
first  drop  of  dye  appeared  was  considered  (he  void 
volume  A  I  ml  amount  of  concentrated  virus  ica. 
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ro>  1  I’i-U  ml)  wav  moii  added  to  the  gel,  anil  a 
linear  gradient  of  elution  butler  -0.1  to  Ob  M  phos 
phate  butrer.  /ill  7,4,  was  applied.  Tile  llmv  rale  of 
the  column  wav  0  5  to  1  0  ml.  mm,  and  5.0-ml  Irae 
lions  were  collected.  The  infective  unis  titer  of  each 
fraction  was  determined  In  plaque  assay. 

Serologic  tests.  Hemagglutination  inhibition  tests 
were  performed *b\  the  method  of  Clarke  and  Casals 
1 5 1  Neutrali/ation  tests  were  performed  essentially 
as  dcscnb"d  In  DuHk-cco  et  at.  >7i  Cicl- diffusion 
tests  were  pci  formed  by  the  method  of  Ouehtciloiiy 
I }<  using  0.75',  agarose  buffered  with  sodium 
Veronal  /ill  S  O.  ionic  strength  (1 075 

Immune  sera.  Guinea  pig  immune  serum  was  ob¬ 
tained  21  class  after  ip  injection  of  the  l:e  3  7c  l*V, 
or  LI*  or  SI’  variant. 

KKSL'LTS 

Selection  of-  plaque  variants,  The  seed  lot-  of 
Te  3  7c  contained  5.3  <  10'  PPU  ml.  Plaques 
vttrictl  from  1.5  to  5.0  mm  after  4S  hr  on  DEC. 
Approximately  4.0',  of  the  population  con¬ 
sisted  of  SI’  variants  t  <2  mm).  Upon  sequential 
passage  in.  DEC,  the  SI*  population  increased  to 
42'  r  by  ! lie  third  passage,  and  the  titer  increased 


to  4  0  ■  10‘1’PU  ml.  Plaque  variants  selected 
from-thiv’DEC  sqbpassage  were  picked,  and  each 
was  carried,  jhri’ ugh  three  cloning  steps.  Tigure  1 
illustrai-.s-  the  he  3  7v  PV  and  cloned  SP  and  LP’ 
variants. 

The  SI*  variants  ranged  front  1.4  to  2.0  mm 
after  48  lirand  19  to  3.4  mm  after  72  hr, on  DEC. 
LP  variants  vvcrc  nofdeiecled  in  any  passttge  of 
the  SP  variant.  The  average  virus  yield  was.  tip 
provimately  1  ■  Itb  lM-'U  plaque  selected  The 
SP  pool  utilized  in  this  study  was  haivestedfrom 
CI-.C  and  contained  4 0  ,  10'  PPU  ml  Ns  LP 
variants  were  detected  in  the  pool,  individual 
plaques. produced  hy’tik  si*  clone-- did  nob  have 
well-delined  margins  but  were  generally  very 
clear-ihrougl  mt  the  i-laiuie  B 

The  LP  variants  -hiiged  front  4.0  to  5.2  mm 
after  4S_ hr  amt -f  M0.9  nan  after  72  hr  on 

DEC.  The  aye '  i  vir.<$ -yield  was  approximately 
I  >  kv1  Pi  ll  ’*  o  ae  selected.  T  he  LP  pool 
utili/ed  in  dm  indy  was  harvested  from  CEC 
and  contained  •t/l  *  10*  PPL'  mi.  LP  virus 
clones  always  attained  2  to  4',  of  the  SP 
variant.  The  re  vitlual  plaques  induced  by  the 


Tin  I  /Yui/iio  npv\  ol  it  !  7<  i hi  thu Lin  i-iiibi\‘i  uil\  ‘CI.C  Mamed  iu ill  i  ,  t  ruuii  vnlel  ill  ellhi'lnl 
Hit ■  parental  urm  1  /’I  it/ zv  Mamed  tiller  -is  In .  /urge-  plaque  1  U‘  tint I  nnall  plaque  iSI’  tauanit  were  Mamed 
alter  73  hr  n!  j>r,m;/i  in  (  if 


Voi.,  6,  1972 


COMPARATIVE  STUD1ES  OF  VEE  PLAQUE  VARIANTS  781 


LP  clone  fiat!  very  clear  centers  with  slightly 
more  opaque,  irregular-  margins.  They  were 
visible  by  18  hr  postinoculation  and  measured 
at  least  L  mm  in  diameter.  The  plaque  size  then 
increased  rapidly  to  14  mm  by  the  fifth' day. 

Animsi  studies.  Table  1  shows  the  results  ob¬ 
tained  when  weanling  mice,  hamsters,  and  guinea 
pigs  were  inoculated  with  the  PV,  and  SP  and  I  P 
variants  rif.Fe  3-7c.  the  LP  variant  was  the  most 
virulent  of  the  viruses  studied  arid  showed  a 
virulence  profile  very  similar  to  the  PV.  The  SP 
variant,  was  avirulent  for  guijteii  pigs  and  ham¬ 
sters;  however,  some  weanling  mice  were  killed 
by  this  variant.  Immunization  with  PV,  LP,  or  SP 
conferred  protection  to  the  survivors;  however, 
the  protection  was  riot  absolute. 

In  a  separate  experiment,  adult  mice  were  in¬ 
jected  intravenously  with  LP  nnd  SP  variants. 
Tile  LP  variant' killed  7  of  9  mi  e  10  to  14  days 
postinoculation.  Histopathologicai  examination 
of-'  the  brains  from=  dead  mice  -showed  severe, 
acute,  diffuse  nonsuppurative  meningoencepha¬ 
litis  with  severe  neuronal  and  glial  necrosis. 
Histopathologicai  examination  of  mice  which 
were  not  killed  By  the  LP  variant  showed  chronic 
nonsuppurative  meningo  encephalitis  with  mod¬ 
erate  multifocal  chronic  vasculitis  of  the  brain. 
In  contrast,  none  of  9  mice  injected  with  the  SP 


variant'  died.  Histopathologicai  examination 
•showed  essentially  normal  mouse  brain; 

Suckling  mice  were  uniformly  susceptible  to  ic 
injection  with  either  the  LP  or  SP  variants  of 
Fe  3-7c.  Although  this  test  host  was  approxi¬ 
mately  10-fold  more  sensitive  than  the  placjue 
assay  of  infective  viruses,  no  differences  were 
observed,  between  the  lethality  of  the  LP  and  SP 
-  variants. 

Calcium  phi>s?iiatc  chromatography.  The  elu¬ 
tion  profile  oFFe  3 -7c  (PY)is  iKustrated  in  Fig. 
2.  Two  distinct  (leaks  were  obtair.ed.  and  plaques 
were  individually  scored  as  large  (>2  mm)  or 
small  (<2  mm).  The  first  peak,  eluted  in  the 
region  of  low  ionic  slrength,  contained  predomi¬ 
nantly  LP  virus,  whereas  the  second  peak  con¬ 
tained  predominantly  SP  virus.  We  subsequently 
chromatographed  the  variants  separately,  and  the 
results  are  depicted  in  Fig.  3  and  4.  The  peak  of 
LP  variant  infectivity  was  eluted  front  the  column 
by-0.19-  M.phosphate  buffer,  The;peak  of-  SR 
variant  infectivity  was  eluted  by  0.30  m  phos¬ 
phate  buffer.  These  results  are  consistent  with  the 
experimental  chromatography  of  the  mixed 
parental  population. 

Serologic  studies.  Using  guinea  pig  sera  we 
performed  neutralization  tests  with  the  Fc  3-7c 
PV  and  LP  and  SP  variants,  the  results  showed 


Table  1.  Responses  of.  test  animals  to  inoculation  with  Fe  3-7c  FEE  vims  ami  subsequent  challenge  with 

virulent  ( Trinidad )  FEE"  virus 


fre  3*Ic 

! 

!  Vlru* 
(CKCIT  Vi 

Weanling  mice 

Hamsters  j  Guinea  ylr-s 

j  Survivors 

T  I’rolrctoP 

(<  Survivors 

!  r;  rrol«leiP  !  %  Surviuirs 

W  I’rotectetP" 

! 

[  <  no./ total)  1 

(no./total)  i 

(wv'lotal) 

|  ino./tutal)  !  (no, /total) 

i  (ho./toUl) 

Parental  virus 

i  2  x  to1  ; 

;  o  (0/8> 

| 

!  20 

(1/5) 

100  (I/I)  1  100  (6/6) 

100.  (5/5) 

!  2  X  10' 

0  (0/8) 

I  20 

(1/5) 

100  (1/1)  t  100  (6/6) 

i  80  (4/5) 

,  2  X  HP 

0  (P/8 )  : 

! 

20 

(1/5)  : 

100  (I/I)  1  109  (6/6) 

1  80  (4/5) 

2  X  !0!  : 

0(0/8)] 

!  | 

•  40 

(2/5)  1 

100,(2/2)  100  (6/6) 

]  100  (5/5) 

0 

100  (8/8) 

!  0  (0/8)  1 

!  100 

(5/5)  i 

0  (0/5)  1  100  (6/6) 

0(0/5) 

Large-plaque 

2  X  10* 

0  (0/5)  1 

! 

0 

(0/3) 

0  (0/5) 

variant 

2  X  10' 

,  2  X  10' 

0  (0/5) 

0  (0/5 f  i 

J 

0 

20 

(0/5) 

(t  M 

0  (0/5  ) 
100  (1/1)  20  (1/5) 

100  (I/I) 

;  2  X  HP 

0  (0/5  ) 

40 

(2,5) 

100  (2/2)  80  (4/5) 

50  (2/4) 

0 

100  (5/5) 

0  (0/5) 

100 

(5/5) 

0  (0/5)  100  (5/5) 

0  (0/5) 

Small-plaque 

2  X  HP 

20  (1/5)  : 

100  (i/1)  j 

100 

(5/5) 

80  (4/5)  100  (5/5) 

80  (4/5) 

variam 

2  X  10*  , 

60  (3/5)  ’ 

100  (3/3)  ! 

100 

(5/5) 

100  (5/5)  500  14/4) 

100  (4/4l 

2  X  HP 

60  i.V5i 

100  (3/3)  , 

100 

(5/5) 

80,  (4/5)  100  (5/5) 

80  (4/5) 

2  X  HP 

40-12/5) 

100  (2/2) 

100 

(5/5)  , 

80  (4/5)  100  (5/5) 

40  (2/5) 

0 

400  (5/5) 

0  (0/5) 

l(X) 

(5/5)  ; 

i 

:  0  (0/5)  100  (5/5) 

0  (0/5 1 

«  Weanling  mice  and  guinea  pigs. were  inoculated  ip  with  0.5  till  of  the  virus.  Hamsters  were  inoculated 
sc  with  0.5  ml  of  the  virus.  Sham-inoculated  animals  were  included  us  challenge  controls 
» Challenge  dose  was  i9"SM!CLD«,  (median  lethal  dose  to  suckling  mice  via  the  intracerebral  route) 


given  at  21  days. 

■  One  guinea  pig  from  each  group  was  exsanguinated  before  challenge. 
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F»  3 -7c 


FRACTION  NUMBER 

Pin.  2.  El  in  ion  pul  tern  of  the  liarenlal  Fc  3 -7c 
virus  from  calcium  phosphate  chromatography. 
Plaques 'Were  individually  scored  as  large  {>2  nun) 
or  wall  (  <  2  null)  after  • iff  hr  on  duck  embryo  cells. 
I.iuve  plaques  (MU  small  plaques  (A). 

that  thy  LI*  and  SP  variants  were  readily  neu¬ 
tral! red  by  sera  directed  against* the  PV,  LP,  or 
SP  'finis.  Gel  diffusion  tests  demonstrated  that  the 
antigens  Were  related;  however,  we  were  unable 
to  detect  any  differences  between  the  plaque 
variants  by  this  technique. 

DISCUSSION 

In-light  ot':  the  zoonotic  in  the  United  States 
during  the  summer  of  1971,  there  is  renewed 
interest  in  the  disease  potential  of  VEE  virus.  The 
current  vaccine  used  tq  prevent  infection  with 
VEE  virus  is  the  attenuated  TC-83  strain  derived 
from  the  Trinidad  strain  of  VEE  virus  isolated 
from  the  brain  of  a  donkey  (19).  However, 
certain  objections  concerning  the  use  of  this 
vaccine  have  been  based  on 'the  possibility  of 
reversion  of  TC-83  to  the  virulent  parental  form 
of  the  virus  (1,10).  In  this  light;  it  has  been  sug¬ 
gested  thpt  a  Florida  strain  of  VEE  (Fe  3-7c, 
endemic  to  the*  United  States)  might  be  used  in 
place  of  TC-83  (10). 

Zarate  and  Scherer  (22)  found  Florida  strains 
of  VEE  virulent  for  hamsters;  however,  the 
incubation  period  was  longer  than  that  seen  with 
Mexican  VEE  strains.  III  contrast,  the  TC-83 


F*  3-7c  (LP> 


FRACTION  NUMBER 

F:o  '3.  Elution  pattern  of  the  large-plaque  variant 
Jrorn  a  calcium  phosphate  column. 


Ft  3-7c  (SP) 


FRACTION  NUMBER 


Fi(i.  4.  Elution  /Hitlerit  of  the  small-plaque  variant 
Irani  a  calcium  phosphate  column. 
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vaccine  strain  kills  only  15  to  20'  *  of  inoculated 
hamsters  (F.  E.  Cole,  Jr.,  personal  conmtiiniai- 
lion).  Horses  immunized  with  Fe  3  7c  developed 
a  transient  viremia,  but  the  reported  elfects 
appeared  to  be  less  severe  than  in  horses  ex¬ 
perimentally  inoculated- with  TC-83  (10). 

Other  investigators  have  observed  variations 
in  the  plaque  size  of  VEE  (8, 9,  12),  and  Schuller 
and  Scherer  (16)  have  recently  reported  a  range 
of  1 ,4  to  6,9  mm  in  the  plaque  sizcof  the  Fe  4-7 1  k 
s  tea  in  of  Florida  VEE.  We  found  a  heterogeneity 
ofjplaque  sizes  in  the  Fe  3-7e  VEE  strain  (10'  , 
suckling  mouse  brain),  and'  t-,'srr  subpassage  in 
cell  culture  the  ratio  of  .SP-OJ.p  increased.  This 
ellect  has  been  reported  lor  VVeStci  r*  etjuJet: 
encephalitis  virus  (II),  vi,  vzO),  and  fpo'i 
■antFmouth  disease  virus  (7  .  The  shift  to  onfall 
plaque  character  in  cell  culture  is  felt  to  be  associ¬ 
ated  with  an  increased  sensitivity  to  inhibitors 
present-in-agar(l  8). 

Cloning;  the  plaque  variants  showed  that  each 
had  distinct  biologicahind  chemical  characteris¬ 
tics,  The  LI*  variant  was  uniformly  virulent  Tor 
weanling  mice  and  was  highly  lethal  for  hamsters, 
guinea  pigs,  and  adult  mice.  In  contrast,  the -Si’ 
variant  was  avlruient  for  hamsters,  guinea  pigs, 
-and  adujt  mice  and  less  virulent  for  weanling  mice 
than  either  PV  or  the  LP  variant.  Animals  which 
survived  the  initial  inoculation  of  Fe  3-7c  vitas;' 
were  generally  protected  from  the  lethal  elfects  of 
a  virulent  (Trinidad)  strain  of  VEE  challenp 
virus.  We  feel  that  the  presence  of  LF  variants  e 
the  l’V  virus  population  (58'.,.)  probably  c  . 
trilv.ited  to  the  deaths,  observed  with  ham;  ,.;s 
and  weanling  , mice.  This  does  not  explain  the 
resistance  of  guinea  pigs  to  the  Fe  3 -7c  I’V;  h  nv- 
ever,  species  specificity  -might  permit  the  SI’ 
variant  to  multiply  preferentially  or  inteFVre  with 
the  U’  virtis  and  mask  the  virulence  of  : the  LI’ 
variant. 

Chromatographic  experiments  reinforced  the 
findings  of  biological  differences-  between  the 
variants.  These  differences  may  bi'-bypressed  by 
the  charge  on  the  viral  membrane  which  would 
account  for  the  individual  elution  profiles  of  the 
variants  oh  calcium  phosphate  columns.  Other 
investigators  (2;  16)  have  found  that  LI*  arid  SI’ 
variants  can.be  distinguished  by  brushite  chro¬ 
matography,  and  in  tliese  systems  the  LF  variant 
was  eluted  at  a  lower  ionic  strength  of  buffer  than 
the  SI*  variant, -as  was  the  case  in  our  study. 

We  have  found  that  the  SI*  variant  of  Fe  3-7c 
is  relatively  avirulent  and  confers  protection  to 
test  hosts.  Although  our  studies  indicate  that  the 
SI’  variant  of  Fe  3  7c  would  oiler  no  advantage 
over  the  TC-83  vaccine  strain  currently  in-use, 
the  SP  variant  is  less  virulent  in  hamsters  and 
therefore  might  deserve  trial  in  horses  to  loam 


whether -it  might  produce  less  overt  illness  than 
TC-83,  in  addition,  the.use  of  either.  vhe  l’V  or 
the  LP  variant  of  Fe  3-7 e  would  certainly  be 
contraindicated  based  on  our  results  with  animal 
model  systems.  It  may  be  that  the  chanideristics 
applied  to  a  mixed  virus  population-containing 
plaque  variants  air  attributable  to  the  percentage 
of  Ll’  or  Sl’  withiri  ihat  pupu|ution.  Therefore,  if 
a  given  virus  is  to  Ik-  considered  as  a  candidate  for 
an  attenuated  vaccine,  the  biologic  and  genetic 
characteristics  of  plaque  variants  within  that 
strain  shpukf-bc  investigated. 
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